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3 WATER CONDUCTING SYSTEM
1. AJITH P T, Assistant Engineer, Electrical Section, Kolathur, Malappuram
2. RETHEESH NARAYANAN, Assistant Engineer, 110KV substation Pazhayangadi

3. SHINE SEBASTIAN, Assistant Engineer, Generation Subdivision, Kallarkutty.
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Fig 3.1 Hydro electric stations and dams in muthirapuzha river stream




LAY CUT - NERIAMANGALAM PONER STATION WATER COMDUCTING SYSTEM

Fig 3.2 water conducting system of neriamangalam power station

3.1.1 Water conducting system
The water conducting system for Neriamangalam hydro power station divided to three parts.
3.1.1.1 The intake and tunnel

The intake at Kallarkutty dam can be closed with the intake shutter and emergency shutter. The intake
shutter can be operated only after keeping the emergency shutter in position to reduce the water pressure.
The intake is protected with trash rack to block all heavy materials from entering to the tunnel. The tunnel
has a finished cross section of 12.08M? (dia 3.96M) and a length of 3395.78M. The tunnel air release vent

is located just after the tunnel intake near by the dam.

3.1.1.2 Surge shaft and LPP line

The tunnel ends at the surge shaft at a level of 412.93M. The bottom dia of the surge tank is 9.14M and
the top dia is 13.72M. The total depth of the shaft is 61.57M and the maximum positive surge is 15.85M. A
low pressure pipe line (LPP) starts from the surge shaft and end at the valve house with one direct line to
unit 3 and two side openings to unit 1 and unit 2. A new “Y” piece is added for the Neriamangalam
extension Scheme. The length of the LPP line is 101M and the dia is 3.35M.

3.1.1.3 Valve house and HPP line




At the end of LPP line the three sections fitted with three butterfly valves with dia of 1.6M. These automatic
self closing valves are made by Neyrpic, France equipped with hydraulic opening system with hand pump
and motor pump. The counter weight attached to the valve mechanism will keep the valve in ready to
close condition. The operating servomotor will work as a damping system for slow closing of the valve.
Each butterfly valve is attached with a bypass valve. The filling of the penstock is carried out by slow
opening of the bypass valve and there is an air bleed valve to release the air from the penstock. There is
an automatic air inlet valve to protect the penstock from vacuum during the draining of the penstock. A
velocity sensing instrument is attached to the closing mechanism to shutdown the valve during the heavy
flow of water due to any breaking or bursting of the penstock. The three high pressure pipe lines from the
butterfly valves with a length of 437.69 meters connected to the main inlet valve at the power house. The
maximum shell thickness is 20 mm and internal dia is 1.6M. To protect the penstock from thermal
expansion, expansion joints are provided to each anchoring points.

2 WORKING OF FRANCIS TURBINE

Fig 4.1 Francis turbine

4.1 Turbine
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The hydraulic turbine is a mechanical device that converts the potential energy contained in an
elevated body of water into rotational mechanical energy. Francis runners are reaction type turbines.
Reaction turbines operate with their runners fully flooded and develop torque because of the reaction of
water pressure against runner blades. As the water flows through the runner, a series of curved vanes on
the runner deflects the flow. This deflection creates a dynamic force on the vanes, and this force causes

the runner to rotate.

The hydraulic turbine forms the mechanical heart of a hydroelectric generating station. The Francis
type turbine is made up of various components and accessories. Each component and accessory has a
particular function to insure the proper operation, maximise the performance or protect the turbine. These
components are used to provide proper flow of water, to maintain peak efficiency, to transmit load or
power and protect the installation in whole or in part. Francis turbines are used for medium range heads,
from 30 to 200 meters. The hydraulic turbine installed at the Neriamangalam Generating station is a single
vertical runner Francis type turbine. The shaft or axis of a reaction turbine may be vertical, horizontal or
inclined. When the shaft is vertical and the runner rotate in a horizontal plane, the turbine is called vertical
turbine. The vertical unit is the most common configuration. The maximum head of Neriamangalam

Francis turbine is 198 meters and the nominal head is 192 meters.
4.1.1 Spiral Case

The Spiral case is a spiral shaped casting steel pipe that evenly distributes water around the
runner and transmits its hydro static force to the surrounding civil works. It is an extension of the penstock
that wraps around the runner circumference in progressively smaller diameters. The stay ring located at
the centre of the spiral case, consists of annular ring connected by a number of stay vanes. The complete
assembly is cast to the scroll case providing structural continuity and strength while guiding the water as it
enters the runner. The stay rings also serve to support the wicket gate head cover. The clearance
between the head cover and the runner band is extremely small so as to insure maximum runner

efficiency by minimising leakage.

The stay vanes or fixed guide vanes welded between the annular stay rings, the stay vanes are the
structural components that provides rigidity to the stay ring. The stay vanes are fixed streamlined
components used to direct the water flow to the wicket gates in order to maximise the efficiency. Hydraulic
design considerations determine the height of the stay ring opening at the inner diameter and the shape of
the vanes. The intent is to direct the flow from its proximity tangential path into a more radial direction as it
passes from the spiral case and approaches the runner through the wicket gates. For Neriamangalam

Hydro turbine the numbers of fixed guide vanes (stay vanes) are ten and guide vanes are twenty.

4.1.2 Wicket Gate system
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Located downstream of the stay vane ring, the wicket gate system is made up of rotating
streamlined elements, the wicket gates or moving guide vanes and of a wicket gate operating mechanism.
In the event of an emergency shutdown, a fail-safe mechanism completely closes the wicket gates,
stopping the water flow to the runner almost completely. The water flow stopping eliminates the driving
torque and bringing the unit to stop. The rate of closing of wicket gate is controlled to limit the water
pressure build up in the penstock within its design limits. The rate of opening is also restricted in order to
limit the water pressure build up reduction in the penstock within its design limits. During the initial start up
period, these rates will be adjusted according to the site conditions. The opening and closing speed is
limited with the governor settings.

4.1.3 Wicket gates

The wicket gates are rotating streamlined elements. They are arranged circumferentially on the
inside of the stay ring and are guided by bushings in the head cover and discharge ring. The stems of the
head cover side are longer in order to attach the link liver mechanism controlling the wicket gates position
and rotation. The primary function of the wicket gates or guide vanes is to control and direct the flow of
water to the turbine runner. When tightly pressed against one another, they will stop the flow almost
completely. However, the lateral clearances, although minimal, do allow some leakage. Each wicket gate
hydraulic profile is fabricated with precision to provide the best possible seal at the gate-to-gate contact
surface. A breakable link liver assembly protects the wicket gates from torsion breakage. In the event that
foreign objects impair movement of a wicket gate, the safety link will shear off, eliminating torsion forces
on the gate and preventing the breaking of the wicket gate. However, the protective device permits the
normal operation of the remaining wicket gates.

4.1.3.1 Wicket gate operating mechanism

Wicket gate position is changed by rotating the operating ring, which is linked to the wicket gates
stems by a link liver mechanism. One double acting hydraulic cylinder serve as a servomotor for opening,
closing and maintaining the wicket gates position. The piston rods linear displacement generates an
operating ring rotating movement which transmits its movement to every wicket stem by the way of the
link-liver mechanism.

Continued.....

WIND POWER

By K.DINESH, AEE, Erection sub division, chimmony
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TYPE OF WIND ENERGY CONVERSION DEVICES

Wind energy conversion devices can be broadly categorized into two types according to their axis
alignment

Horizontal axis wind turbine can be further divided into three type.

Fig. 1.2 The ‘Dutch’ windmill and the multiblade water-pumping windmill

1. Dutch type grain grinder wind mills
2. Multi blade water-pumping wind mills.
3. High —speed propeller-type wind machine

The HAWT that are used today for electrical power generation do not operate on thrust force. They

depend mainly on the aero dynamic forces that develop when wind flows around a blade of aerofoll
design.

To understand how a modern electricity producing wind turbine operates,

Let us first take a look at how an aerofoil works. Suppose an aerofoil- say an aeroplane wing- is moving in
a steam of wind as shown fig.

The wind stream at the top of the aerofoil has to traverse a longer path than that at the bottom, leading to
a difference in velocities. This gives rise to a difference in pressure from which a lift force results
(Bernouli’s principles) there is of course another force that tries to push the aerofoil back in the direction of

the wind. This is called drag force. The aggregate force on the aerofoil is then determined by the resultant
of there two force. (fig)
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Fig. 1.3 Flow of wind over an aerofoil blade
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Fig. 1.4 The aerodynamic forces in an aerofoil moving in the directon of
the wind; u is the aerofoll velocity, v is the wind velocity, Fy is the
lift force, and F is the drag force

Fig. 1.5 The relative wind direction and the aerodynamic forces. Note the
production of the resultant force F)s along the direction of motion.
w is the relative wind direction, F is the lift force, Fp is the drag
force, Fy is the moment force, [ is the inclinadon angle, i is the
incidence angle, and « is the pitch angle

TN )

Fig. 1.6 Amrangement and angie of blades in a propeller-type wind turbine

The force are determined by the wind speed as seen by the aerofoil called relative wind.
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This is given by the vector summation of the wind velocity and negative of the aerofoil velocity.

The lift FL is perpendicular to the relative wind velocity and Fd is parallel to relative velocity the magnitude
of these two forces will also be proportional to that of the relative wind.(fig)

From Fig that the lift force FlI and Fd having opposing components along the direction of motion. If the lift
force dominates the drags, there will be a resultant force along the direction of motion, giving a positive
push to it. In fact, this is the force that creates the torque in the modern wind turbine. The blades are of
aerofoil section, which move along positive steam of wind. They are so alinged that drag force is
minimized and FL maximize and this gives the blades a net positive torque.

Wind direction

Piteh ongle 0O°
by production

Pitch ongle 45°
by stort up
in light breeze

Pitch ongle 90*
by PAUSE
STOP

EMERGENCY STOP | L

| Blode profile
/ (tgp)

view from eorth

\/
v

Fig. 2.1. Pitch angle.

A wind Electric generator consists of the following.
1.Wind Turbine
2. Gear box

3. Induction generator
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4. Hydraulic and pitch control system

5. Nacelle and top control unit.

6. Yaw System

7. Remote control unit

8. Other accessories (tower, cable, capacitor, circuit breaker)
Some important functions are mentioned here

1. YAW CONTROL
The control orients the turbine continuously along the direction of wind flow. For this teeth wheel

and yaw motor are used.

2. Control Strategy
The control strategy on the type of electrical power generating system used and can be divided

into two basic categories.

a) The constant- speed generation scheme
b) The variable — speed generation scheme
The constant speed generation scheme is necessary if the electrical system involves a grid —

connected synchronous generation. In case of grid connected squirrel- cage induction generations,
the allowable range is of speed variation is very small, requiring an almost constant rotational
speed.

3. The use of brakes
In the event of load tripping or accidental disconnection of the electrical load, the rotor speed may

increase dangerously. This may even lead to the mechanical destruction of the rotor. Moreover, at
very high wind speeds, the electrical power through put has to be Kept within limits to protect the
generator and the power electronic converter. This can be done by reducing the rotational speed.
However, this speed control cannot be achieved by power electronic control because that would
call for an increase in the electrical power output.

In these situation it is advisable to use brakes. Either an eddy-current or a mechanical brake
(or a combination of these) is also necessary for stalling these turbine in gusty winds.

Continued....
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ENGINEER'S DAY
CELEBRATIONS AND NEXT MEETING
IS SCHEDULED ON
SEP 16TH B PN,

TEIS WEEK'S MEETING

WILIL, BE EIELD ON
SOTEl AT BPIMI.

ENGINEER'S DAY WISEIES 1IN ADVANCE
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